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SPECIFICATION 



FliUORORESIN TUBULAR PRODUCT 



Tecbnioal Field 

The present invention relates to a tubular product 
made of a fluororesin, a fixing roll and a fixing belt 
using the tubular product, and a fixing apparatus using 
the fixing roll or the fixing belt. 

Background Art 

In an image forming apparatus such as an electro- 
photographic copying machine or a laser beam printer, 
image formation is carried out by the steps of: 
electrostatically charging a photosensitive drum 
uniformly;., exposing to form an electrostatic latent 
image on the photosensitive drum; developing to make 
the electrostatic latent image visible with a toner; 
transferring the toner on the photosensitive drum to 
a transfer material; fixing the toner on the transfer 
material; and cleaning the toner remaining on the 
photosensitive drum after the transferring step. 

In recent years, an electrophotographic image 
forming apparatus is required to improve the stability 
of the apparatus, assure high reliability, and save the 



cost of running for the purpose of making effective use 
of resources. As one of the measures to meet these 
requirements^ a study has been made to stop, by the use 
of a wax toner, the supply of a release oil to the surface 
of a fixing member such as a fixing roll or a fixing 
belt; however, if the supply of a release oil is stopped, 
there occurs a problem that the surface layer of the 
fixing member is quickly worn out by its contact both 
with paper edges and with a temperature sensor* Fur- 
ther, along with an improvement in the speed of a copying 
machine and a laser printer, a load on the fixing member 
has been increased, for which reason it has become 
difficult to assure a long life of the fixing member. 
Particularly, in a soft roll to be used for color 
image fixation, the effect of a release agent on the 
prevention of wear is significant- If a release agent 
is not supplied, scratching or wearing may take place 
in some cases on the surface layer of the soft roll only 
by printing on several hundred sheets, which layer is 
made of silicone rubber or f luororubber . Therefore, 
Journal of the Society of Electrophotography of Japan, 
vol. 33, no- 1 (1994) and Japanese Patent Publication 
No. 58-43740 proposes a f ixing member produced by forming 
a silicone rubber elastic body as the outermost layer 
of a soft roll around a spindle and then covering it 



with a PFA tube as a release layer having a wear resis- 
tance. However^ the PFA tube is not satisfactory in 
the wear resistance required along with an improvement 
in the speed of an electrophotographic apparatus and 
a tendency for oilless fixation in recent years^ and 
therefore^ it is required to thicken the release layer 
of the surface layer for the purpose of prolonging the 
life of the fixing member. 

On the other hand/ to obtain a color fixed image 
of high quality^ it is important for the surface of a 
fixing roll to follow the irregularities on the surface 
of recording paper and to come in a uniform contact all 
over an unfixed toner image. If the fixing roll does 
not come in a uniform contact,, the degree of toner melting 
becomes uneven in the unfixed toner image, resulting 
in an uneven luster of the fixed image and a deterioration 
of image quality. In general, fluororesins such as PFA 
have small elastic moduli as compared with silicone 
rubber and f luororubber , and the fluororesins are hardly 
strained, making it difficult to follow the irregu- 
larities on the surface of recording paper, when the 
outermost layer is formed of a f luororesin, it is impor- 
tant to make the outermost layer as thin as possible 
so that the roll surface becomes easy to follow the 
irregularities on the surface of recording paper. 



Further^ for the purpose of carrying out the image 
fixation of a color image at a high speed and reducing 
electric power consumption to a low level, it is pre- 
ferred to decrease the heat capacity of a roll and the 
roll is required to have a high thermal conductivity. 
From such a viewpoint, it is also preferred to make the 
fluororesin layer as thin as possible. 

When a belt type fixing apparatus is used, which 
comprises a fixing belt having a release layer formed 
on a belt made of a thin metal or a heat resistant resin 
such as polyimide and which further comprises a 
relatively long fixing nip part^ the belt is required 
to have a lower heat capacity and a higher thermal 
conductivity- Therefore, even when a fluororesin layer 
is formed on such a fixing belt, it becomes important 
to make the fluororesin layer as thin as possible. 

However, in general, a fluororesin tube made of 
PFA or PTFE, which has been used for the surface layer 
of a fixing roll or a fixing belt, is quite difficult 
to have a wall thickness of 25 jim or smaller from the 
viewpoint of forming* Therefore, for an improvement 
in image quality and a further energy saving, it is 
desired to develop a fluororesin release layer having 
a thickness of 25 \im or smaller. Further, with respect 
to the inner diameter of a tube, it is usually impossible 
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to produce a tube having an inner diameter of 50 mm or 
greater from the viewpoint of forming^ and therefore, 
there is another problem that f luororesin tubes cannot 
be applied to rolls of large diameter, 
5 As described above, from the viewpoint of an 

improvement in image quality and an energy saving, it 
is advantageous to decrease the thickness of the release 
surface layer of a fixing member^ and on the other hand, 
from the viewpoint of assuring a long life of the surface 

10 layer/ in the case of a release surface layer presently 
made available^ it is required to increase the thickness 
of the release surface layer. In recent years, there 
has been required a release surface layer which meets 
both of these contradictory requirements- 

15 With respect to a method for the production of a 

fluororesin tube^ some methods have been proposed so 
far; however, no methods meeting the above^described 
requirements have been developed yet. For example, a 
tube made of PTFE is particularly excellent in heat 

20 resistance and releasing property among fluororesin 
tubes, and theref ore^ it is most suitable for the release 
surface layer; however, PTFE has a high melt viscosity, 
and unlike ordinary thermoplastic resins, it cannot be 
formed by melt extrusion, and therefore, in general, 

25 the formation of PTFE is usually carried out by a paste 
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extrusion method in which a PTFE powder and a liquid 
lubricant such as naphtha or xylene are uniformly blended 
and the thus obtained paste-like blend is extruded into 
a tubular shape, followed by extraction or drying to 
5 remove the liquid lubricant * However , when such a paste 
extrusion method is used, extrusion pressure becomes 
high, if a tube is made to have a small wall thickness, 
resulting in an uneven distribution of the wall thickness 
and a deterioration of appearance, and therefore , there 
10 is a limit to make the wall thickness small* 

Japanese Patent Laid-open (Kokai) Publicat ion No . 
50-136367 discloses a method for the production of a 
fluororesin tube of small wall thickness, comprising 
the steps of: applying a fluororesin coating material 
15 to a metal linear body and then baking the coating 
material to form a coating on the linear body; extending 
the coated linear body at least until the fluororesin 
coating loses its adhesive property to the linear body; 
and then pulling out the metal linear body. However, 
20 this method has problems that the evenness of wall thick- 
ness is hardly attained and the thus obtained tube is 
insufficient in wear resistance^ strength, surface 
smoothness, and the like- 
Japanese Patent Laid-Open (Kokai) Publication No. 
25 4-296332 discloses a fluororesin tube of small wall 
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thickness^ which is made of a modified PTFE containing 
0,02% to 0.4% by weight of perf luoroalkyl vinyl ether 
or hexaf luoropropylene and which has a value of 300 or 
higher as calculated by dividing its inner diameter by 
5 its wall thickness. However, even with the use of this 
method^ as the tube has a smaller wall thickness, the 
formation of pin holes and a decrease in strength occur 
more significantly, and there are some problems that: 
it is substantially difficult to obtain a tube having 

10 a wall thickness of 40 (xm or smaller; it is also difficult 
to produce a tube of large diameter having an inner 
diameter of 60 mm or greater; and the heat resistance 
of the tube is decreased by the modification of PTFE. 
It is an objective of the present invention to 

15 provide a f luororesin tubular product suitable for the 
surface layer of a fixing roll or a fixing belt for 
electrophotography; a fixing roll and a fixing belt using 
the tubular product as the surface layer; and a fixing 
apparatus comprising the fixing roll and the fixing belt . 

20 

Disclosure of the Invention 

The present inventors have made an intensive study 
to solve the above-described problems, and as a result, 
they have completed the present invention. 
25 Thus the present invention provides a tubular 
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product^ a fixing roll and a fixing belt for electro- 
photography, and further provides a fixing apparatus, 
as described below, 

(1) A fluororesin tubular product formed by 
5 rolling, layering, and sticking a dense fluororesin 

film, wherein the number of rolling of the film is 2 
or greater. 

(2) The fluororesin tubular product as set forth 
in (1) above, wherein the film has a thickness of 20 

10 |xm or smaller. 

(3) The fluororesin tubular product as set forth 
in (1) or (2) above, wherein the film is made of a dense 
polytetraf luoroethylene • 

(4) The fluororesin tubular product as set forth 

I 

15 inanyoneof (1) to (3) above, wherein the tubular product 
has the maximum wall thickness of 2 to 300 n,m, 

(5) The fluororesin tubular product as set forth 
inanyoneof (1) to (3) above, wherein the tubular product 
has the maximum wall thickness of 2 to 90 ixm. 

20 (6) The fluororesin tubular product as set forth 

inanyoneof (1) to (5) above, wherein the tubular product 
has a surface roughness (Ra) of 0*5 |im or lower. 

(7) The fluororesin tubular product as set forth 
inanyoneof (1) to (6) above, wherein the tubular product 

25 has a tensile strength of 80 N/mm^ or higher. 



(8) The fluororesin tubular product as set forth 
inanyoneof (1) to (7) above^ wherein the tubular product 
has a light transmitt ance of 35% to 95% to light having 
a wavelength of 500 nm. 
5 (9) The fluororesin tubular product as set forth 

in any one of ( 1 ) to ( 8 ) above, wherein the tubular product 
has an inner surface subjected to surface treatment for 
the improvement of adhesion property - 

(10) Afixingroll comprising, as a surface layer, 
10 the fluororesin tubular product as set forth in any one 

of (1) to (9) above, wherein the film has a thickness 
of 0.1 to 20 fim and the tubular product has the maximum 
wall thickness of 2 to 90 p-m. 

(11) A fixing belt comprising, as a surface layer, 
15 the fluororesin tubular product as set forth in any one 

of (1) to (9) above, wherein the film has a thickness 
of 0.1 to 20 Jim and the tubular product has the maximum 
wall thickness of 2 to 90 fim. 

(12) A fixing apparatus comprising the fixing 
20 roll as set forth in (10) above. 

(13) A fixing apparatus comprising the fixing 
belt as set forth in (11) above, 

Brxef Desorxp^xon of Drawing 

25 Figure 1 shows a drawing for the explanation of 
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a method for spirally rolling a belt-like fluororesin 
film on a spindle. 

In Figure 1, numeral 1 indicates a belt-like 
fluororesin film; numeral 2, a spindle; and numeral 3^ 
5 a length corresponding to the distance of rolling. 

Best Mode for CazTryxng out: -the Xnventxon 

The tubular product of the present invention is 
produced from a fluororesin film with a dense structure 

10 as a material by rolling^ layering^ and sticking the 
fluororesin film. As the fluororesin film, there can 
be used a polytetrafluoroethylene (PTFE) film, a tetra- 
f luoroethylene-perf luoroalkyl vinyl ether copolymer 
(PFA) film, a t etr af luor oe thylene-hexaf luoropropy 1 ene 

15 copolymer (FEP) film^ each of which has a dense struc- 
ture. With respect to the PFA and FEP, since they are 
thermof usible, thin films each having a thickness of 
10 ^m or smaller can easily be produced by an extrusion 
inflation method, a casting method, or the like* The 

20 thus obtained fluororesin film has a dense structure 
and a high smoothness (Ra being 0.5 ^m or lower) . With 
respect to the PTFE, it is quite difficult to produce 
a film having a thickness of 50 [im or smaller by a skiving 
method which is usually used as a method for the produc- 

25 tion of a PTFE film. However, it is possible to produce 



a dense thin film having a thickness of 10 \im or smaller 
by a method for producing a stretched porous PTFE (ePTFE) 
film by hot press. Since the dense PTFE film produced 
by this method has been subjected to a stretching step, 
5 as compared with the PTFE film produced^ for example, 
by a skiving method, the dense PTFE film has not only 
a high tensile strength and a high wear resistance but 
also excellent properties such as a high surface smooth- 
ness and a high light transmittance (a high transpar- 
10 ency) . 

As the f luororesin film to be used in the present 
invention, the dense PTFE film produced by hot press 
of the ePTFE film is particularly preferred because it 
is excellent in heat resistance, releasing property, 

15 strength, wear resistance, and the like. 

The ePTFB film is obtained by removing a forming 
aid from a formed body of a paste obtained by mixing 
a PTFE fine powder and the forming aid; stretching the 
resulting formed body at a high temperature and a high 

20 speed; and then, if necessary, baking the formed body. 
In the case of uniaxial stretching, nodes (folded crys- 
tals) are formed like narrow islands at right angles 
to the direction of stretching, and fibrils (straight 
chain molecular bundles formed by loosening and pulling 

25 out the folded crystals by the stretching) are oriented 



in the direction of stretching just like a reed screen 
for connection between the nodes. Thus the film has 
a fibrous structure having voids in the spaces between 
the neighboring fibrils or in the spaces defined by the 
fibrils and the nodes. In the case of biaxial stretch- 
ing^ fibrils are spread radially^ and nodes exist like 
islands connecting the fibrils. Thus the film has a 
fibrous structure just like a cobweb having a large 
number of spaces defined by the fibrils and the nodes. 

The ePTFE film^ although it may be a uniaxially 
stretched ePTFE f ilm or a biaxial ly stretched ePTFE f ilm^ 
is preferably a biaxially stretched ePTFE film. The 
biaxially stretched ePTFE film has a lower anisotropy 
than that of the uniaxially stretched ePTFE film because 
of stretching in two different directions. The bi- 
axially stretched ePTFE film can provide a PTPE film 
having high values of strength both in the TD direction 
(in the widthwise direction of the film) and in the MD 
direction (in the lengthwise direction of the film) , 

The ePTFE film to be preferably used in the present 
invention has a porosity of 10% to 95%, preferably 40% 
to 90%» 

The porosity is calculated by the following equa- 
tion from the apparent density (p) measured according 
to the apparent density measurement method of JIS K 6885 
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(the same holds in the following) • 

Porosity (%) = (2.2 - p) / 2.2 x 100 (a) 

5 The stretch ratio in the TD direction is 100% to 

5000%, preferably 100% to 2000%, whereas the stretch 
ratio in the MD direction is 100% to 5000%/ preferably 
100% to 2000%. The ratio of values of tensile strength 
in the lengthwise direction and in the widthwise 

10 direction of a dense film obtained from the ePTFE film 
can be adjusted by the stretch ratios in the TD direction 
and in the MD direction for the ePTFE film. For example^ 
in the case of a dense film produced by using, as a 
material film, an ePTFE film produced on the conditions 

15 that the stretch ratio is 1200% in the TD direction and 
600% in the MD direction, the tensile strength of the 
dense film in the direction corresponding to the TD 
direction of the ePTFE film becomes about two times as 
high as that of the dense film in the direction corre- 

20 sponding to the MD direction of the material film* 

To produce a dense PTFE film as a material film 
for forming the tubular product of the present invention, 
at first, the ePTFE film is compressed (pressurized) 
at a temperature lower than the melting point in the 

25 first compression step to obtain a rolled film. At this 
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time^ the compression temperature is not particularly 
limited^ if it is lower than the melting point of PTFE; 
it is usually lower than the melting point by a tempera- 
ture difference of 1**C or more^ preferably 100*'C or more. 
If the compression temperature is higher than or equal 
to the melting point, the dense film shrinks signifi- 
cantly- The compression conditions are adjusted so 
that the thus obtained film has a porosity of 50% or 
lower, preferably 20% or lower, and more preferably 10% 
or lower. The compression pressure is usually 0.5 to 
60 N/mm^, preferably 1 to 50 N/mm^, in terms of surface 
pressure. The compression apparatus is not partic- 
ularly limited, if it can achieve the compression of 
a film* Preferably used are those which can compress 
a film by allowing the film to pass between rolls or 
belts, such as a calender roll apparatus or a belt press 
apparatus • If a calender roll apparatus, or belt press 
apparatus is used, air contained in the inside of an 
ePTFE film and air existing between the layers of an 
ePTFE film can easily be pushed out to the outside of 
the ePTFE film when the film is sandwiched between rolls 
or belts^ so that there can be obtained a dense film 
free from voids (those which can be detected by surface 
observation (at a magnification of 2000 times) with a 
scanning electron microscope (SEM) ; the same holds in 
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the following) and free from wrinkles • 

The thickness of an ePTFE f ilm^ although it depends 
on the thickness of the desired film, the porosity of 
the ePTFE film^ and the like^ is usually 3 to 500 \im, 
5 preferably 5 to 200 |im. 

The thickness is as measured with a 1/1000 mm dial 
thickness gauge manufactured by Technolock on the 
condition that no load is applied, except the spring 
load of the main body (the same holds in the following) . 

10 The rolled film obtained in the first compression 

step is then compressed (pressurized) at a temperature 
higher than or equal to the melting point of PTFE in 
the second compression step. At this time, the compres- 
sion temperature is not particularly limited, if it is 

15 higher than or equal to the melting point of PTFE. The 
compression temperature is usually higher than the 
melting point by 1**C to lOO^C, preferably 20^C to 80**C* 
The dense film can have an improved surface smoothness 
by heating the ePTFE film at a temperature higher than 

20 or equal to the melting point . The compression tempera- 
ture is preferably decreased to a temperature lower than 
the melting point at the time of releasing the pressure. 
If the pressure is released at a temperature higher than 
or equal to the melting point, the dense film shows 

25 significant shrinkage and easily causes wrinkling • The 

15 



compression conditions are adjusted so that the thus 
obtained dense film has a porosity of 10% or lower, pre- 
ferably 1% or lower. The compression pressure is usual- 
ly 0.1 to 100 N/mm^^ preferably about 1 to 30 N/mm^^ 
5 in terms of surface pressure- The compression appara- 
tus is not particularly limited^ if it can achieve 
compression while sandwiching a film. The use of a hot 
press apparatus or a belt press apparatus is preferred^ 
which can apply heat and pressure to the film for a 

10 prescribed period of time. 

The dense film can be produced by one press with 
an apparatus which can heat the ePTFE film at a tempera- 
ture higher than or equal to the melting point of PTFE 
while compressing the film and which can then cool the 
. 15 film to a temperature lower than or equal to the melting 
point of PTFE while maintaining the pressure. Accord- 
ing to this method, even if the ePTFE film is heated 
at a temperature higher than or equal to the melting 
point of PTFE from the starting of the compression/ the 

20 ePTFE film is cooled to a temperature lower than the 
melting point of PTFE before the pressure applied to 
the ePTFE film is released, so that the thus obtained 
dense film can cause almost no shrinkage. 

For example, if a belt press apparatus is used, 

25 a dense film with a little shrinkage can be obtained 
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by heating the ePTFE film at a temperature higher than 
or equal to the melting point of PTFE while compressing 
the film between belts^ and then cooling the film to 
a temperature lower than the melting point. Moreover, 
this method is preferred because the dense film can be 
produced in a continuous manner. 

The PTFE film with a dense structure, which is 
obtained in such a manner as described above^ may have 
a thickness appropriately selected depending on the 
applications thereof/ although the thickness thereof 
is not particularly limited- When the tubular product 
of the present invention is used for the surface layer 
of a fixing roll or fixing belt, the PTFE film has a 
thickness of 0-1 to 20 fim, preferably 1 to 10 \im, and 
the PTFE film has a surface roughness (Ra) (as measured 
according to JIS B 0601) of 0.1 fim or lower, preferably 
0.05 fim or lower. The PTFE film has a high tensile 
strength (as measured according to JIS K 7127 with a 
No, 2 specimen at a test speed of 50 mm/min and expressed 
in terms of the values in the lengthwise direction and 
in the widthwise direction) , which is usually 80 N/mm^ 
or higher, preferably 100 N/mm^ or higher. 

The PTFE film has both a dense structure and a high 
surface smoothness/ so that it has an excellent light 
transmitting property and has a high light transmittance 
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(as measured with a spectrophotometer, UV-240, 
manufactured by Shimadzu Corporation) of 80% or higher, 
particularly 90% or higher, to light having a wavelength 
of 500 nm, as measured in terms of t ransmittance to 
5 visible light having a wavelength of 500 nm. 

When the first compression step is carried out, 
compression control may be carried out in two or more 
steps for the purpose of decreasing the number of voids 
in the film to be produced* Further, in the second 

10 compression step, when a hot press apparatus is used^ 
at the time of compression with a hot press plate, a 
heat resistant film having a high surface smoothness 
may be inserted between the hot press plate and the film, 
followed by heating and compression. When a belt press 

15 apparatus is used, a heat resistant film having a high 
surface smoothness may be inserted between the belt made 
of a metal and the film, followed by heating and compres- 
sion. At this time, a heat resistant polyimide film 
or the like may be used as the hejat resistant film. 

20 According to this method, the thus obtained dense PTFE 
film can have the same surface roughness (Ra) as that 
of the heat resistant film, which is effective when the 
hot press plate or the belt made of a metal cannot have 
a high surface smoothness. 

25 According to the above-described method, a trans- 



parent PTFE thin film having a thickness of 50 jim or 
smaller^ which has been difficult to produce by a skiving 
method^ can easily be obtained. For example^ an ePTFE 
film having a porosity of 80% and a thickness of 40 jam 
5 is compressed with a calender roll (at a roll temperature 
of 70**C) to lower the porosity to 2% and the thickness 
to 12 |LLm/ and the film is then pressed with a belt press 
apparatus on the conditions that the press plate 
temperature is 3 2 0°C to 4 0 0''C, the pressure is 10,0 N/mra^, 

10 the feeding speed is 0,5 to 2.0 m/min^ and the press 
time is 0-5 to 10 minutes^ to give a thin film having 
a porosity of 0% and a thickness of 10 p.m. Further^ 
an ePTFE film having a porosity of 85% and a thickness 
of 9 fim is subjected to the same process to give a thin 

15 film having a porosity of 0% and a thickness of 2 jim. 

When heat press is carried out with a press plate 
in the second compression step^ the surface roughness 
(Ra) of the PTFE film to be obtained in such a manner 
as described above depends on the surface roughness (Ra) 

20 of the plate, and when compression is carried out with 
a hot press plate for the rolled film obtained in the 
first compression step while the film is sandwiched 
betweenheat resistant films, the surface roughness (Ra) 
of the PTFE film to be obtained depends mainly on the 

25 surf ace roughness (Ra) of the heat resistant films - For 
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example, when a press plate subjected to mirror finish 
treatment to have a surface roughness (Ra) of 0.1 jim 
or lower is used for the hot press, the surface roughness 
(Ra) of the PTFE film to be obtained also becomes 0.1 
Jim or lower. In a similar manner, when polyimide films 
each having a high surface smoothness (having an Ra of 
0-01 p-m) are used as release films for sandwiching the 
rolled film obtained in the first compression step 
between the top and bottom release films, the surface 
roughness (Ra) of the PTFE film to be obtained also 

becomes about 0*01 |im. 

According to the above-described method, a trans- 
parent PTFE film can be obtained, whether thin or thick. 
In this method, an ePTFE film as a material film is 
compressed in the first compression step and then 
compressed in the second compression step, both in the 
same manner as described above. At this time, as the 
ePTFE film, an ePTFE film having properties similar to 
those of the ePTFE film described above and having a 
large thickness, for example, an ePTFE film having a 
thickness of greater than 400 jim, usually 400 \im to 1 
mm^ may be used. The material film may be a single film 
or a laminate film obtained by laminating 2 to 100 films, 
preferably 2 to 20 films. 

A PTFE film with a dense structure having a thick- 
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ness of greater than 20 fim and a high transparency can 
be obtained from such a thick ePTFE film. For example^ 
a PTFE film having a porosity of 0% and a thickness of 
50 Jim and having a high transparency and a luster in 
the surface thereof can be obtained from a laminate film 
having a total thickness of 450 tim, which is produced 
by laminating three ePTFE films each having a porosity 
of 70% and a thickness of 150 |xm. The PTFE film has 
a light transmi ttance of 80% or higher, preferably 85% 
or higher, and has a porosity of 10% or lower, prefer- 
ably 2% or lower. The PTFE film has a surface rough- 
ness (Ra) of 0 . 1 fim or lower, preferably 0,05 jimor lower • 
Since the film is a PTFE film having a high transparency 
and a high tensile strength, it can be used for various 
applications, for example, protection films for 
construction materials, as a PTFE film having a heat 
resistance, a weather resistance, a chemical resis- 
tance, a wear resistance, and an excellent releasing 
property. 

In the above-described method, the use of an ePTFE 
film having a high tensile strength can provide a PTFE 
film having a high tensile strength- For example, the 
use of an ePTFE film having a tensile strength of 10 
to 100 N/mm^ can provide a PTFE film having a tensile 
strength of 50 to 200 N/mm^. A conventional PTFE cut 
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film produced by a skiving method usually has a tensile 
strength of 20 to 50 N/mm^/ and a conventional PTFE cast 
film has a tensile strength of about 20 to 40 N/mm^. 
As compared with these conventional PTFE f ilms^ the dense 
5 PTFE film obtained in such a manner as described above 
has an extremely high tensile strength. 

The PTFE film will be further described in details . 
The film has a specific gravity of 2.0 or higher, which 
is observed to have no voids, no pin holes, or no fibril 

10 structure by surface observation (at a magnification 
of 2000 times) with a scanning electron microscope (SEM) - 
The film is a transparent film with a uniform appearance 
by visual observation, which is observed to have no white 
opaque parts or no white stripes caused by remaining 

15 voids, pin holes, or fibril structure^ 

The PTFE film has an extremely high transparency 
and an excellent designing property, whereas no conven- 
tional PTFE films have such a high transparency- 

The tubular product of the present invention can 

20 be produced by rolling, layering, and sticking the 
f luororesin filmwitha dense structure - In the tubular 
product, the adhesiori of rolled neighboring layers may 
be carried out by heat bonding or using an adhesive layer . 
The tubular product of the present invention can be 

25 produced by rolling a f luororesin film in the prescribed 
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number of rolling around a spindle made of SUS, heat 
bonding the rolled neighboring layers of the f luororesin 
film by heating and baking at a temperature higher than 
or equal to the melting point of the fluororesin, and 
5 then removing the spindle made of SUS. The tubular 
product of the present invention can also be produced 
by rolling a fluororesin film coated with an adhesive 
on one surface thereof in the prescribed number of 
rolling around a spindle made of SUS, heating the film, 

10 if necessary, sticking the rolled neighboring layers 
of the fluororesin film, and then removing the spindle 
made of SUS. The method of rolling is not particularly 
limited, if it can layer the fluororesin film into a 
tubular shape; for example, a fluororesin film may be 

15 rolled like a Sushi-roll, or a belt-like fluororesin 
film may be rolled spirally. 

Figure 1 shows a drawing for the explanation of 
a method for rolling a belt-like fluororesin film 
spirally. 

20 In Figure 1, numeral 1 indicates a belt-like 

fluororesin film; numeral 2, is a spindle (a rod) ; and 
numeral 3, a length corresponding to the distance of 
rolling on the spindle; the number of rolling is a value 
calculated by diving the length with the outer diameter 

25 of the spindle - 
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As shown in Figure 1, belt-like fluororesin film 
1, while slanting to spindle 2, is rolled around the 
spindle, so that a tubular product can be obtained by 
spirally rolling the fluororesin film- 
Further^ a plurality of fluororesin films may be 
successively rolled. For example, a first fluororesin 
film is rolled in one or more laps around a spindle, 
and a second fluororesin film is rolled in one or more 
laps further on the first fluororesin film around the 
spindle to give a tubular product- 

In such a tubular product, when an adhesive is used 
for sticking the rolled neighboring layers, the adhesive 
may be applied to the inner surface of the fluororesin 
film. On the other hand, when the rolled neighboring 
layers are stuck by heat bonding, heating and baking 
may be carried out at a temperature higher than or equal 
to the melting point of the fluororesin after the 
completion of the rolling. 

When a tubular product is produced by rolling, 
layering, and sticking a fluororesin film in such a 
manner as described above, the end of the film forming 
the outermost layer exists on the outer surface of the 
tubular product to be obtained^ at which end of the film 
a step is formed. Further, if the position of the end 
at which the rolling of a film is started (the leading 
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end) is not completely corresponding to the position 
of the end at which the rolling of the film is finished 
(the terminating end) , a difference in the wall thickness 
of the tube is caused at the ends of the film. For 
5 example, when a f luororesin film is rolled in the number 
of rolling of [n to n + 1] , there are formed two regions, 
i.e., a region (a thinner portion) in which the wall 
thickness of the tube consists of n layers and a region 
(a thicker portion) in which the wall thickness of the 

10 tube consists of n + 1 layers, both neighboring at the 
end of the fluororesin film in the outermost layer 
forming the outer surface of the tube. A difference 
in the wall thickness of the tube can be eliminated, 
if the position of the leading end is completely corre- 

15 sponding to the position of the terminating end; however, 
in the practical production, a difference in position 
between the leading end and the terminating end occurs 
because of variation, resulting in a difference in the 
wall thickness of the tube, 

20 The study of the present inventors has found the 

following fact. When a step and a difference in thick- 
ness are significant, the obtained tube is unsatis- 
factory as the surface layer material for a fixing roll 
or a fixing belt. In the case of the fixing roll or 

25 the fixing belt using the tube as the surface layer. 



a difference in surface temperature between the thinner 
portion and the thicker portion becomes significant at 
the time of a fixing step with an actual electro- 
photographic apparatus^ and differences in color and 
5 in luster in a printed image become so significant as 
to be observed by visual observation. In contrast, if 
the number of rolling of the film is 2 or greater, 
preferably 3 or greater, a difference in temperature 
between the thinner portion and the thicker portion 

10 becomes insignificant, and differences in color and in 
luster in a printed image are reduced to such a level 
that they cannot be observed by visual observation. 

In the present invention, the number of rolling 
is 2 or greater, preferably 3 or greater, of which upper 

15 limit is, although it is not particularly limited, about 
100, 

Further, the trace of a step in the thickness of 
a f luororesin film existing at the end of the f luororesin 
film on the outer surface of a tube occurs like a line 

20 on a printed image. In order to reduce the occurrence 
of such a line trace, it is effective to make small the 
thickness of the fluororesin film. If the thickness 
of the fluororesin film is greater than 20 |im, the line 
trace clearly occur on a printed image. On the other 

25 hand, if the thickness is 20 jim or smaller, usually 15 



lim or smaller^ and particularly 10 jim or smaller, the 
line trace becomes rather invisible- If the thickness 
of the film is 2 \im or smaller, the line trace can hardly 
be observed by visual observation. When the film has 
5 a small thickness, the number of rolling is increased 
to give a great wall thickness of the tube, so that a 
long life of the fixing material can be assured- For 
example, a PTFE film tube (having a wall thickness of 
about 18 to 24 \ixxx) in which the PTFE film has a thickness 

10 of 6 \im and the number of rolling is 3.5, and a PTFE 
film tube (having a wall thickness of about 20.4 to 21,3 
Jim) in which the PTFE film has a thickness of 1-7 \im 
and the number of rolling is 12 • 5 have approximately 
the same durability. Smaller numbers of rolling of the 

15 fluororesin film are more advantageous from the view- 
point of production costs • 

For example, a PTFE film produced by heat press 
of an ePTFE film can have a thickness of 1 to 500 jxm, 
in which the number of rolling can be increased to about 

20 100 laps. Therefore, the present invention can provide 
various PTFE film tubes with optional combinations of 
the thickness of the PTFE film and the number of rolling . 

When the tubular product of the present invention 
is used for the surface layer of a fixing roll or a fixing 

25 belt, the thickness of a fluororesin film to be rolled 



is0.1to20 ixm, preferably 1 to 10 jim, and more preferably 
1.5 to 6 nm- The number of rolling of the film is 2 
to 50, preferably 3 to 30, and more preferably 3 to 20. 
The wall thickness of the tube may appropriately be 
5 determined depending on the required properties such 
as a wear resistance and a heat capacity, which are 
required on the basis of conditions such as a speed and 
a nip pressure of a fixing apparatus* The thickness 
of the thicker portion (the maximum wall thickness) is 

10 2 to 90 Kim, preferably 4 to 50 jim^ and more preferably 
5 to 30 nm. If the maximum wall thickness is smaller 
than 2 |Jim, no sufficient strength can be obtained and 
handling at the time of production becomes difficult. 
If the maximum wall thickness is greater than 90 jim, 

15 it becomes difficult to follow the irregularities on 
the surface of recording paper and the heat capacity 
of the fixing roll becomes high. 

The tube has a surface roughness (Ra) (as measured 
according to JIS B 0601; the same holds in the following) 

20 of 0.5 Jim or lower, preferably 0.3 |im or lower, and more 
preferably 0 . 2 jim or lower. If the Ra is 0 . 5 jim or higher, 
the releasing property of toner becomes insufficient 
and the pressure to toner becomes uneven, resulting in 
a deterioration of image quality- Further, if voids 

25 (bubbles) remain in the tube wall, the temperature of 
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the roll surface becomes uneven, resulting in a deteri- 
oration of image quality. Therefore^ as a tube to be 
used for the surface layer of a fixing roll, tubes having 
both a high surface smoothness and a dense structure 
containing no voids are preferred, and as a result, tubes 
having a high light transmittance are desired. 

When the f luororesin tubular product of the present 
invention is a dense PTFE tubular product using a dense 
PTFE film produced by heat press of an ePTFE f ilm^ the 
tubular product has a high tensile strength (as measured 
according to JIS K 7127 with a No . 2 specimen (the specimen 
is produced by cutting the tube open) at a test speed 
of 50 mm/min. and expressed in terms of an average of 
the values in the lengthwise direction and in the 
widthwise direction; the same holds in the following) , 
which is usually 80 N/mm^ or higher, preferably 100 N/mm^ 
or higher. Further, the dense PTFE tubular product has 
both a dense structure and a high surface smoothness, 
so that the tubular product has an excellent light 
transmitting property and has a light transmittance of 
35% to 95% (as measured with a spectrophotometer, UV--24 0, 
manufactured by Shimadzu Corporation) to light having 
a wavelength of 500 nm, as measured in terms of trans- 
mittance to visible light having a wavelength of 500 
nm (the same holds in the following) • If the light 
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transmittance is lower than 35%, the dense PTFE film 
may contain voids in some cases, and the presence of 
voids makes thermal conductivity uneven at the time of 
image fixation, causing uneven melting of toner. If 
the light t ransmittance is lower than 35%, Ra of the 
tube becomes higher than 0,5 |im because of voids or 
wrinkles of the surface, and therefore, the toner 
releasing property becomes insufficient or the applica- 
tion of pressure to the toner becomes uneven, resulting 
in a deterioration of image quality. 

The tubular product of the present invention is 
preferably used for the surface layer material of a 
fixing roll or a fixing belt, as described above; 
however, it is not limited to these applications and 
it can find use in various applications, for example, 
a guiding tube of an endoscope, a catheter, a gas-liquid 
separation membrane, an insulating cable coating 
material, a hose, an art if icial blood vessel , an optical 
fiber for pneumatic process, a liquid transfusion pipe, 
and the like. When the tubular product of the present 
invention is used for applications other than fixing 
rolls or fixing belts, the wall thickness thereof is 
not particularly limited and appropriately selected 
depending on the applications. In general, the tubular 
product has a wall thickness of 2 to 300 ^m, preferably 
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5 to 100 iim, in terms of the maximuio wall thickness. 
The inner diameter of the tubular product is also appro- 
priately determined depending on the applications, 
which is usually 5 to 150 mm, preferably 20 to 70 mm- 
5 When the tubular product of the present invention 

is used for the surface layer material of a fixing roll, 
the inner diameter thereof is usually about 20 to 70 
mm, and the maximum wall thickness thereof is 2 to 90 
Jim, preferably 4 to 50 jim, and more preferably 5 to 30 
10 |im. 

When the tubular product of the present invention 
is used for the surface layer material of a fixing belt, 
the inner diameter thereof is usually about 30 to 150 
mm, and the maximum wall thickness thereof is 2 to 90 
15 Jim, preferably 4 to 50 fim, and more preferably 5 to 30 
fim. 

When a tubular product made of a fluororesin film 
with a dense structure is produced according to the 
present invention, the fluororesin film with a dense 

20 structure is rolled, layered, and stuck into a tubular 
shape. For example, in the case of a dense PTFE film, 
as a preferredmethod for rolling, layering, andsticking 
the PTFE film into a tubular shape, there is a method 
by rolling the PTFE film in a plurality of laps around 

25 a spindle made of a metal, heating the rolled product 
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in an oven at a temperature higher than or equal to the 
melting point of PTFE, cooling the rolled product in 
air^ and then removing the PTFE film surrounding the 
spindle made of a metal. This method makes it possible 
5 to obtain a dense PTFE tube with a layer structure like 
a Sushi-roll, At this time, the surface of the spindle 
may previously be roughened by sand blast processing 
or the like in order to improve the releasing property 
from the PTFE tube. The thus obtained PTFE tube is free 

10 from the entrainiuent of air in neighboring layers, so 
that the respective layers are completely stuck to the 
next layers, of which adhesion strength is as high as 
a cohesion failure occurs in the PTFE film at the time 
of delamination • In addition, one surface or both 

15 surfaces of the PTFE film may previously be subjected 
to conventionally known surface treatment such as corona 
discharge treatment, chemical etching treatment, or 
excimer laser treatment, so that a sufficiently high 
interlayer adhesion strength can be obtained by heating 

20 for a shorter period of time and a heat deterioration 
of the PTFE film can be suppressed. When an ordinary 
plastic film is formed into a tubular shape in the same 
manner, there occur problems that some amount of air 
is entrained between the layers of the rolled film to 

25 make interlayer adhesion uneven and gaps remain between 
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the layers after heat treatment. Further, if an ordi- 
nary thermofusible plastic is heated to a temperature 
higher than or equal to the melting point, the plastic 
is melted and fluidized, so that the thickness thereof 
easily becomes uneven and the surface thereof is 
roughened because of swelling by heat, and so that the 
plastic adheres to the spindlemade of ametal andbecomes 
difficult to remove. Therefore, as compared with PFA 
and FEP, both of which are thermofusible f luororesins , 
PTFE can easily be formed. A PTFE film has two charac- 
teristics: (1) the film is hardly fluidized even at a 
melting point of PTFE; and (2) the film has a gas 
permeability. Therefore, the present inventors have 
found that if a PTFE film is rolled around a spindle 
made of a metal and heated to a temperature higher than 
or equal to the melting point of PTFE, air entrained 
in the film layers can be released without causing an 
unevenness of thickness or an unevenness of adhesion 
between the neighboring film layers and that a tube in 
which the respective layers are completely stuck to one 
another can easily be formed. 

The dense PTFE tubular product of the present 
invention can be subjected to conventionally known 
surface treatment on the inner surface thereof, such 
as corona discharge treatment, chemical etching treat- 
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ment, and excimer laser treatment, for the purpose of 
improving the adhesion property of the inner surface 
of the PTFE tube. For exampler after chemical etching 
with Tetra H (manufactured by Junkosha Inc, ) ^ the tubular 
5 product may be used for producing a fixing roll or a 
fixing belt having the surface layer of a PTFE tube 
according to a conventional method- The tube surface 
subjected to chemical etching may cause a coloration 
or give a fine cracking structure in some cases; however, 
10 this is no problem for use as the surface layer of a 

fixing roll- 
Two directions are available as a direction for 
assembling the f luororesin tube of the present invention 
on a fixing roll to the direction of rotation of a fixing 

15 roll: a direction of inserting the fluororesin tube into 
a nip part from the thicker portion to the thinner portion 
in this order; and a direction of inserting the fluoro- 
resin tube into a nip part from the thinner portion to 
the thicker portion in this order. With respect to seam 

20 line traces to be formed on a printed image, or differ- 
ences in color and in luster corresponding to the thinner 
portion and the thicker portion of the surface layer 
of the fixing roll, they occur at approximately the same 
levels in both directions of insertion; however, the 

25 direction of insertion into a nip part from the thicker 
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portion to the thinner portion in thj s order is preferred 
because of an advantageous effect on the tearing of the 
surface layer. 



Examples 

The present invention will hereinafter be further 
described in details by way of Examples. 
Example 1 

A dense PTFE film (10 im in thickness, 550 mm in 
width X 175 mm in length) subjected to corona discharge 
treatment on one surface thereof was rolled, like a 
Sushi-roll/ in 2.1 laps around a spindle made of SUS 
(26.5 mm in outer diameter and 500 mm in length) in such 
a manner that the corona treated surface was in the inner 
side. At this time, the film was rolled in the lengthwise 
direction, and the end of the film was fixed with 
ring-like stoppers so that the film did not shrink in 
the axial direction of the spindle made of SUS. The 
film was then baked at 400''C in an oven for 30 minutes 
and cooled in air, after which the stoppers were detached 
and a PTFE tubular product was removed from the spindle 
made of SOS to obtain a dense PTFE tubular product having 
the maximum wall thickness of 30 jim (20 jimin the thickness 
of the two-layer portion and 30 urn in the thickness of 
the three-layer portion) and an inner diameter of 26.5 
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mm. The dense PTFE tubular product had an Ra of 0.340 
fim, a tensile strength of 120 N/rom^, and a light trans- 
mittance of 75% to light having a wavelength of 500 nm. 
Example 2 

A dense PTFE tubular product having the maximum 
wall thickness of 28 fim and an inner diameter of 26,5 
mm was obtained in the same manner as described in Example 
1, except that a dense PTFE film (4 |xm in thickness and 
550 mm in width x 540 mm in length) subjected to corona 
discharge treatment on one surface thereof was rolled, 
like a Sushi-roll, in 6 . 5 laps around a spindle made 
of SUS (26.5 mm in outer diameter and 500 mm in length) 
in such a manner that the corona treated surface was 
in the inner side. The dense PTFE tubular product had 
an Ra of 0.200 \im, a tensile strength of 130 N/mm^, and 
a light transmittance of 80% to light having a wavelength 
of 500 nm. 

Example 3 

A dense PTFE tubular product having the maximum 
wall thickness of 27 \im and an inner diameter of 26.5 
mmwas obtained in the same manner as described in Example 
1, except that a dense PTFE film (1.7 fim in thickness 
and 550 mm in width x 1290 mm in length) subjected to 
corona discharge treatment on one surface thereof was 
rolled, like a Sushi-roll, in 15.5 laps around a spindle 
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made of SUS (26.5 mm in outer diameter and 500 mm in 
length) in such a manner that the corona treated surface 
was in the inner side. The dense PTFE tubular product 
had an Ra of 0.080 jim< a tensile strength of 150 N/mm^^ 
5 and a light transmittance of 80% to light having a 
wavelength of 500 nm, 
Example 4 

A dense PTFE tubular product having the maximum 
wall thickness of 7 jim and an inner diameter of 26.5 

10 mm was obtained in the same manner as described in Example 
1, except that a dense PTFE film (1.7 jim in thickness 
and 550 mm in width x 291 mm in length) subjected to 
corona discharge treatment on one surface thereof was 
rolled^ like a Sushi-roll^ in 3.5 laps around a spindle 

15 made of SUS (26.5 mm in outer diameter and 500 mm in 
length) in such a manner that the corona treated surface 
was in the inner side. The dense PTFE tubular product 

had an Ra of 0,080 fim, a tensile strength of 140 N/mm^, 
and a light transmittance of 88% to light having a wave- 
20 length of 500 nm. 

Example 5 

A dense PTFE tubular product having the maximum 
wall thickness of 27 |im and an inner diameter of 45 mm 
was obtained in the same manner as described in Example 
25 1, except that a dense PTFE film (1.7 |im in thickness 
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and 550 mm in width x 2190 mm in length) subjected to 
corona discharge treatment on one surface thereof was 
rolled, like a Sushi-roll, in 15.5 laps around a spindle 
made of SUS (45 mm in outer diameter and 500 mm in length) 
5 in such a manner that the corona treated surface was 
in the inner side. The dense PTFE tubular product had 
an Ra of 0.100 jim, a tensile strength of 150 N/mm^, and 
a light transmittance of 80% to light having a wavelength 
of 500 nm. 

10 Example 6 

A dense PTFE tubular product having the maximum 
wall thickness of 7 jim and an inner diameter of 100 mm 
was obtained in the same manner as described in Example 
1, except that a dense PTFE film (1.7 \im in thickness 

15 and 777 mm in width x 800 mm in length) subjected to 
corona discharge treatment on one surface thereof was 
rolled in 3.5 laps around a spindle made of SOS (100 
mm in outer diameter and 500 mm in length) in such a 
manner that the spindle axis and the lengthwise direction 

20 of the film were kept at 45** to each other. The dense 
PTFE tubular product had an Ra of 0.250 jim, a tensile 
strength of 140 N/mm^, and a light transmittance of 88% 
to light having a wavelength of 500 nm. 
Example 7 

25 The PTFE tube produced in Example 1 was impregnated 
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on the inner surface thereof with a Na/naphthalene 
complex salt solution (trade name: Tetra manufactured 
by Junkosha Inc.) at25'*C^ and then immersed in methanol , 
water^ and methanol in this order for 10 seconds each^ 
5 and dried by blowing air to the inner and outer surfaces 
thereof. A primer (tradename: DY 39-051/ manufactured 
by Toray Dow Corning Co. , Ltd. ) was applied to the thus 
treated inner surface of the tube, which was then 
attached to an inner wall of a mold for forming a roll 

10 having an inner diameter of 27 . 5 mm. An aluminum spindle 
(25 mm in outer diameter and 320 mm in length) was held 
in the center of the mold* Silicone rubber was injected 
between the tube and the aluminum spindle, and then 
thermally hardened at ISO'^C for 30 minutes, followed 

15 by secondary vulcanization at 2 0 0°C for 4 hours, to obtain 
a fixing roll having a dense PTFE film as the surface 
layer thereof. 
Example 8 

A fixing roll having a dense PTFE f i Im as the surface 
20 layer thereof was obtained in the same manner as 
described in Example 7, except that the PTFE tube 
produced in Example 2 was used. 
Example 9 

A fixing roll having a dense PTFE film as the surface 
25 layer thereof was obtained in the same manner as 
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described in Example 1, except that the PTFE tube 
produced in Example 3 was used. 
Example 10 

A fixing roll having a dense PTFE f ilmas the surface 
5 layer thereof was obtained in the same manner as 
described in Example 7, except that the PTFE tube 
produced in Example 4 was used. 

Comparative Example 1 

A fixing roll was obtained in the same manner as 
10 described in Example 1, except that a PFA tube (STM, 
manufactured by Gunze Ltd.) having a wall thickness of 

30 ^m was used. 

Comparative Example 2 

A dense PTFE tubular product having the maximum 
15 wall thickness of 20 fim and an inner diameter of 26.3 
mm was obtained in the same manner as described in Example 
1, except that a dense PTFE film (10 fim in thickness 
and 550 mm in width x 125 mm in length) subjected to 
corona discharge treatment on one surface thereof was 
20 rolled in 1-5 laps around a spindle made of SUS (26.5 
mm in outer diameter and 500 mm in length) in such a 
manner that the corona treated surface was in the inner 
side. The thus obtained tubular product was used to 
produce a fixing roll having the dense PTFE film as the 
25 surface layer thereof in the same manner as described 
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in Example 7. 

Each of the fixing rolls obtained in Examples 7 
to 10 and Comparative Examples 1 and 2 was mounted in 
an electrophotographic printer (DocuPrint C2220, 
5 manufactured by Fuji Xerox Co- , Ltd- ) and paper feeding 
evaluation was carried out to compare the occurrence 
of tearing of the surface layer- The results are shown 
in Table 1. As can be seen, when the dense PTFE tubular 
products obtained in Examples according to the present 
10 invention were used for the surface layers of the fixing 
rolls, a remarkably high wear resistance was obtained 
as compared with that of Comparative Example 1 using 
a conventional PFA tube. 

15 TABLE 1 





Ex. 7 


Ex, 8 


Ex ► 9 


Ex. 10 


Comp . 
Ex. 1 


Comp • 
Ex. 2 


Number (K) of 
paper sheets 
fed until 
surface layer 
was torn out. 


220 


>300 


>300 


150 


80 


180 



Each of the fixing rolls obtained in Examples 7 
to 10 and Comparative Example 2 was mounted in an 
electrophotographic printer (DocuPrint C2220^ manu- 
20 factured by Fuji Xerox Co . ^ Ltd,) and image output was 
carried out to compare the trace (in a line-like state) 

41 



at the film end of the surface layer appearing on the 
image. The results are shown in Table 2. As can be 
seen, when the dense PTFE tubular products obtained in 
Examples according to the present invention were used 
for the surface layers of the fixing rolls, the trace 
at the film end of the surface layer was more hardly 
formed, if the dense PTFE film used for rolling and 
layering had a smaller thickness. 



TABLE 2 





Ex, 7 


Ex. 8 


Ex. 9 


Ex. 10 


Comp . 
Ex. 2 


Trace at- 
film end of 
surface 
layer 


Appear- 
ing in 
line- 
like 
state 


Slight- 
ly 
appear- 
ing 


Not 
appear- 
ing 


Not 

appear- 
ing 


Appear- 
ing in 
line- 
like 
state 



Each of the fixing rolls obtained in Examples 7 
to 10 and Comparative Example 2 was mounted in an 
electrophotographic printer (DocuPrint C2220, manu- 
factured by Fuji Xerox Co., Ltd.) and image output was 
carried out to evaluate a difference in luster between 
the portions divided by the trace at the film end of 
the surface layer appearing on the image. The results 
are shown in Table 3. As can be seen, when the dense 
PTFE tubular products obtained in Examples according 
to the present invention were used for the surface layers 
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of the fixing rolls^ a difference in luster was caused 
between the portions divided by the trace at the film 
end of the surface layer, if the number of rolling of 
the dense PTFE film used for rolling and layering was 
1 , 5 • This is because if the number of rolling was smaller 
than 2, a difference in the wall thickness of the dense 
PTFE tabular product became significantr resulting in 
an uneven degree of toner melting. 



TABLE 3 





Ex- 7 


Ex. 6 


Ex. 9 


Ex. 10 


Comp • 
Ex. 2 


Differ- 
ence in 
luster 
between 
portions 
divided by 
trace of 
film end of 
surface 
layer 


NO dif- 
ference 

in 
luster 


No dif- 
ference 

in 
luster 


No dif- 
ference 

in 
luster 


No dif- 
ference 

in 
luster 


Differ- 
ence in 
luster 



Each of the fixing rolls obtained in Examples 7 
to 10 and Comparative Examples 1 and 2 was mounted in 
an electrophotographic printer (DocuPrint C2220, 
manufactured by Fuji Xerox Co., Ltd.) and image output 
was carried out to compare the unevenness of luster in 
a solid image. The results are shown in Table 4. As 
can be seen, if the tubular product used for the surface 
layer of the fixing roll had a small wall thickness. 
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the luster in the solid image hardly became uneven. 



TABLE 4 





Ex. 7 


Ex . 8 


Ex. 9 


Ex. 10 


Comp . 
Ex- 1 


Comp . 
Ex. 2 


Uneven- 
ness of 
luster in 
solid 
image 


Uneven 
luster 


Uneven 
luster 


Uneven 
luster 


Even 
luster 


Uneven 
luster 


Uneven 
luster 



As describe above^ the present invention makes it 
possible to provide a tubular product suitable for a 
fixing member for electrophotography which has a high 
durability and which can attain a high image quality 
and a reduction in energy consumption/ the tubular 
product having been difficult to obtain in the prior 
art , 
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